RESEARCH LETTER
Convenient synthesis of sulfonyl azides using PEG-400 as an efficient and eco-friendly reaction medium Sulfonyl azides have efficiently been synthesized via a convenient and environmentally benign procedure, in which sulfonyl chlorides undergo nucleophilic substitution reaction with sodium azide in PEG-400 under mild conditions. The sulfonyl azides were obtained in 84Á97% isolated yields. 
Introduction
Sulfonyl azides are very valuable reagents in organic chemical transformations such as the preparation of a-diazocarbonyl compounds [1] , the hydro-hydrazination or/and hydroazidation of olefins [2, 3] , the aziridination of olefins [4] , the radical amination [5, 6] , and metal-catalyzed coupling reactions [7] . Due to a wide range of applications, there are many methods available for the preparation of sulfonyl azides. For example, sulfonyl azides were prepared by reacting sulfonyl anhydrides [8] , a-disulfones [9] , or 1-sulfonylbenzotriazole [10] with sodium azide. These procedures may suffer from the unavailability of starting materials or their difficulty in preparation. Additionally, diazotization of sulfonyl hydrazides with NO ' has also been employed but still requires the availability of the hydrazides [11] . However, the most practical laboratory methods for preparing sulfonyl azides by nucleophilic substitution reaction of sulfonyl chlorides with sodium azide in various solvents are such as alcohol/H 2 O, acetone/H 2 O, DME/H 2 O, and so on [3,12Á17] . Since nucleophilic substitution reactions of sulfonyl chloride involve a nonpolar organic compound and a polar ionic salt, sodium azide, the heterogenous reactions are often troublesome because the polar and nonpolar reagents are often not soluble in a single solvent system. Consequently, to improve the yields and to facilitate the product isolation, the nucleophilic displacement reactions are carried out under phase-transfer catalysis conditions [18, 19] . However, these methodologies often suffer from complex procedures, long reaction times, and low yields. Thus, there is a great demand for the development of new convenient and eco-friendly synthetic methods toward assessing sulfonyl azides.
In the recent years, polyethylene glycols (PEGs) have attracted great interest and have been explored as a novel, powerful, eco-friendly reaction medium for various organic transformations [20Á25] due to their relatively inexpensive, thermally stable, readily recyclable, and biodegradable. In a continuation of our work [20] to explore PEG as an efficient and eco-friendly reaction medium, we report here a convenient and practical synthesis of sulfonyl azides by using sodium azide in PEG-400 at room temperature (Scheme 1).
Results and discussion
Initially, we examined the effectivity of PEG-400 for the model reaction of 4-Tosyl chloride and sodium azide (Entry 4, Table 1 ). In a typical experimental *Corresponding author. Email: shaohw@cib.ac.cn procedure, a screening of different solvents (CH 3 CN, THF, CH 2 Cl 2 , toluene, and so on) for the model reaction revealed that PEG-400 was the most active reaction medium.
To investigate the generality and scope of the reaction, various sulfonyl chlorides were subjected to the reaction conditions and no additional catalyst and solvent were required. The results are summarized in Table 1 . As presented in Table 1 , all aryl and aliphatic sulfonyl chlorides gave sulfonyl azides in excellent yields in 10Á40 minutes. Aryl sulfonyl chlorides containing both electron-donating, such as methyl, methoxyl, and electron-withdrawing groups, like nitro, acetamido, underwent the conversion smoothly. Aryl sulfonyl chlorides with electronwithdrawing groups such as NO 2 required slightly more long time (Entries 8Á10, Table 1 ). With more sterically hindered sulfonyl chlorides, satisfactory yields were still obtained from the nucleophilic substitution (Entries 5, 6, and 10, Table 1 ). 2-Nitrobenzenesulfonyl chloride took the longest time caused by the electronic and steric hindrance effect (Entry 10, Table 1 ). The presence of various functional groups such as halides, nitro, acetamino, and methoxyl on the aryl sulfonyl chlorides was tolerated (Entries 7Á13, Table 1 ). Trans-bstyrenesulfonyl chloride and 2-thiophenesulfonyl chloride have also been successfully converted into their corresponding sulfonyl azides in high yields (Entries 14 and 15, Table 1 ). In short, the products were all formed in excellent yields and no side products were detected. The structures of all products were identified by their physical and spectral data. [27] , and 1n [28] were prepared by following the reported methods.
Typical procedure for synthesis of sulfonyl azides
A typical experimental procedure is as follows: a mixture of sulfonyl chloride (2 mmol) and NaN 3 (2.4 mmol) in PEG-400 (2 mL) was vigorously stirred at room temperature for the appropriate time (Table  1) until TLC indicated total disappearance of sulfonyl chloride. After completion, the reaction mixture was poured into water and extracted with dry ether. The organic layer was removed under reduced pressure and afforded pure sulfonyl azides in excellent yield [Caution: Sufficient care has to be exercised while treating organic azides because of their explosive nature]. The crude products were generally sufficient purity to be used without further purification. The pure compounds can also be obtained by flash silica gel column chromatography with petroleum ether/ ethyl acetate (8:1) or crystallized from methanol. The PEG-400 was recovered from the aqueous layer and reused without loss of activity.
Characterization data of selected known compounds and new compound
The products are all known except 3m and were identified by comparing their physical and spectral data with literature values. Spectral data for selected and new compounds are described in the following subsections.
1-Butanesulfonyl azide (3a)
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Conclusion
In summary, we have disclosed a simple, mild, and efficient method for the synthesis of sulfonyl azides. Compared to the previously reported methods, this protocol offers several advantages including exceedingly mild conditions, operational simplicity, more environmentally benign, short reaction time, and higher reaction yield. Further investigations on the application of PEG-400 on other catalytically synthetic reactions will be reported in due course.
